INTRODUCTION
============

Adolescent idiopathic scoliosis (AIS) is the most common form of scoliosis, which is defined as a 3-D deformity and consists of side curve \>10°, deviation of sagittal spinal profile, and vertebrae rotation in the transverse plane, with a prevalence reported to be 2% to 3% in adolescent population.^[@R1]^ Posterior correction with multilevel spinal fusion using all-pedicle screw systems has been established as the primary approach for patients with AIS.^[@R2],[@R3]^ Although multilevel spinal fusion using hook and/or pedicle screw constructs have shown several benefit in treating AIS,^[@R4]^ several intraoperative disadvantages and postoperative complications, including infection,^[@R5]^ blood loss,^[@R6]^ increased allogeneic blood transfusion (ALBT),^[@R7]^ screw loosening,^[@R8]^ proximal junctional kyphosis,^[@R9]^ adding-on phenomenon,^[@R10]^ and others,^[@R11]^ have been observed at either short or long follow-up time.

Among these complications, it was reported that intraoperative blood loss (IOBL) can be ranged from 750 to 1500 mL in posterior correction with multilevel spinal fusion surgery.^[@R6],[@R12]^ Large IOBL has been proved to be associated with hypotension, anemia, coagulopathy, infection, allergic reactions, acute or delayed immune hemolytic reactions, iron overload, and graft-versus-host diseases.^[@R13]^

Therefore, it is essential to find out the predictors of IOBL, and take measures such as blood salvage appliance or hemostatics to reduce the IOBL based on these risk factors, thus to reduce the complications of serious hemorrhage. At the same time, we can also avoid side effect of hemostatics and the lavish of unnecessary blood saving appliance based on the predictors.

As is well known, female patients take the majority of patients with AIS. For patients with a major curve \>30°, the female/male ratio could be as high as 10:1 and female patients were 70% to 90% of the patients with AIS who need surgical intervention.^[@R14],[@R15]^ The ratio may become larger while comparing the sexual difference when the curve Cobb is \>40°---when surgical intervention may be needed. Former studies have shown that the hemostatic factor, which may affect the IOBL, has variation in different phases during normal menstrual cycle.^[@R6],[@R16]^ Also male and female patients with AIS have different IOBL during scoliosis surgery.^[@R6]^ Therefore, it is necessary to figure out the specific predictors for IOBL in female patients with AIS.

In this retrospective study, we collected preoperational clinical data of 161 female patients with AIS and analyzed them with multivariable regression, in order to find preoperative factors that might predict IOBL during posterior correction and fusion surgery for female patients with AIS.

MATERIALS AND METHODS
=====================

Patient Population
------------------

A total of 161 patients, who met the inclusion and exclusion criteria, and received the posterior correction and fusion operation using the all-pedicle screw system in our hospital from January 2012 to January 2014, were retrospectively reviewed. The inclusion criteria of patients were as follows: female patients with AIS; who underwent posterior correction and fusion surgery only; and the appliance used was all-pedicle screw system. Patients with other types of scoliosis, irregular menstruation, who underwent osteotomy, revision surgery, coagulative diseases that may affect blood coagulation, such as idiopathic thrombocytopenic purpura or hemophilia, and using coagulants were excluded from the study. The diagnosis of AIS was made by 2 experienced senior attending doctors independently following the description of Weinstein et al.^[@R17]^ Patients whose diagnosis was different were excluded from the study. This study was approved by the Institutional Review Board of our university, and all patients involved provided written informed consent for the study and surgery.

Data Collection
---------------

Data were collected in every patient, including the demographic data, radiographic measurements, and the data of preoperative blood laboratory tests. Curve flexibility index was calculated by the following equation: 

Menstrual group was decided by the following: (team 1: premenstrual group, 24-day menstruation; team 2: follicle group, 6--11 days; team 3: ovulatory group, 12--17 days; and team 4: luteal group, 18--23 days). Spinal thoracic sagittal and spinal lumbar sagittal groups were further decided according to the lumbar lordosis and thoracic curve, respectively. The summary of data collection is shown in Table [1](#T1){ref-type="table"}.

###### 

Summary of Data Collection
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Variables such as menstrual group, scoliosis Lenke type, blood type, thoracic sagittal angle group, and lumbar sagittal angle group were changed into dummy variables.

Statistical Analysis
--------------------

Data from different groups were analyzed using multiple linear regression model. Affecting factor was confined to 6. Forward method was used to select affecting factors. After affecting factors had been decided, enter method was used to build the multiple linear regression model. Statistical Package for Social Science software 20.0 (SPSS Inc, Chicago, IL) was used to perform the statistical analysis. *P* \< 0.05 was selected as significant level. Graphs were drawn using GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA).

RESULTS
=======

A total of 161 patients were included in this study. Patients were divided into different groups according to the lumbar lordosis and thoracic curve. There were 121 patients with normal lumbar lordosis (10°--50°), 15 with hyperlordosis (\>50°), and 25 with lumbar hypolordosis (\<10°). Besides, there were 12 patients with thoracic hypokyphosis (\>40°), 137 patients with normal thoracic curve (20°--40°), and 12 patients with thoracic hyperkyphosis (\<20°). All data are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}.

###### 

General Characteristics of Female Patients With AIS
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###### 

Characteristics of Dummy Variable
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Forward variable selection showed that bending Cobb angle, fusion level, Risser sign, APTT, fibrinogen, and menstrual phase were the factors that influenced IOBL in female patients with AIS. Equation of IOBL was built by multiple linear regression: IOBL = −966.228 + 54.738^∗^Risser + 18.910^∗^fulcrum bending Cobb angle + 114.737^∗^fibrinogen + 21.386^∗^APTT - 71.312^∗^team 2 - 177.985^∗^team 3 - 165.082^∗^team 4 + 53.470^∗^fusion level. *R* = 0.782. The details are presented in Table [4](#T4){ref-type="table"}.

###### 

Regression Result of Data Predicting Intraoperative Blood Loss

![](medi-94-e359-g005)

DISCUSSION
==========

Blood loss, due to the surgical exposure of muscles, associated venous plexus, prolonged operative times, and significant bone bleeding, is a great concern in the procedure of AIS surgery. It is one of the major causes of morbidity^[@R18]^ and a risk factor of spinal fusion for AIS.^[@R19],[@R20]^ Consequently, ALBT is required during the operation to prevent the complications of excessive blood loss. It was reported that blood transfusion is needed in 37% to 85% of patients in the posterior correction and fusion surgery for patients with AIS.^[@R21],[@R22]^ However, a large number of complications, including allergic reactions, blood-borne infections,^[@R23],[@R24]^ graft versus host disease,^[@R25]^ and others,^[@R24]^ have been observed in the procedure of allogeneic blood replacement. Besides, a heavy cost associated with transfusion is also a big burden for patients.^[@R26]^ Several studies^[@R6],[@R27]^ have been conducted to explore the predictors of blood loss in the surgery. Ialenti et al^[@R6]^ conducted a retrospective study that included 340 patients with AIS and found sex, operative time, and preoperative kyphosis to be the most important predictors of increased blood loss in posterior spinal fusion for AIS. Hassan et al^[@R27]^ reported a 2-year review with 110 patients with scoliosis and confirmed that Cobb angles and number of fused segments are predictors of the IOBL. Meert et al^[@R28]^ found that fused level is an independent predictor of IOBL. In their study, they also found that some of the blood-saving appliances were actually not necessary, and therefore predicting the IOBL was important. However, when studying the predictors for IOBL, all of these studies did not separate the male and female patients.

In our study, menstrual phase, bending Cobb angle, fusion level, Risser sign, APTT, and fibrinogen were found to be significantly associated with IOBL by forward variable selection; however, other factors, including patient age, height, weight, major curve Cobb angle, curve flexibility index, sagittal thoracic Cobb angle, sagittal lumbar Cobb angle, albumin, hemoglobin, platelet (Plt), prothrombin time (PT)/thrombin time, and blood type, were not found to be significantly related to IOBL.

An innovator of our study was to independently study female patients and take menstrual phase into consideration. In our study, patients operated during 24-d menstruation had more IOBL than the other 3 groups. IOBL is significantly associated with the blood coagulation that involves several elements, including Plt, platelet--leukocyte aggregates, fibrinogen, and others.^[@R29]^ Several studies^[@R30],[@R31]^ suggested that platelets played a significant role in blood coagulation, changing during the menstrual cycle. In the study by Rosin et al,^[@R29]^ platelet--leukocyte interaction by the determination of platelet--leukocyte aggregates, platelet P-selectin expression, and platelet fibrinogen receptor activation by platelet glycoprotein GPIIb/IIIa fibrinogen receptor binding were measured by flow cytometry in 20 healthy women during their menstrual cycle. They found that the number of platelet--granulocyte aggregates and platelet--monocyte aggregates was higher at ovulation compared to any other time-point of the menstrual cycle. Other blood coagulation factors were also thought to experience variation during normal menstrual cycle.^[@R16]^ The reason why the patients had more IOBL during the premenstruation phase might be attributed to the variation of estrogen. Several studies found that a sudden increase in body\'s estrogen leads to a hypercoagulable state.^[@R32],[@R33]^ As the estrogen level in female body begin to fall on premenstrual phase, this may lead to a hypocoagulable state and cause more IOBL.

Fulcrum-bending Cobb angle and Risser sign show a positive correlation with the IOBL in our study. Yu et al^[@R34]^ reviewed 159 patients and divided them into 2 groups according to the blood loss. They compared the 2 groups and found the preoperative Cobb angle \>50° to be a risk factor of large IOBL. Hassan et al^[@R35]^ reviewed a total of 110 patients with scoliosis during a period of 2 years and found that large Cobb angle increased transfusion requirement. From another cohort of 262 patients with AIS, the author reported that the number of levels fused, male sex, duration of surgery, use of pedicle screws, major Cobb angle, and age were predictors of IOBL.^[@R36]^ In our study, the fulcrum-bending Cobb angle instead of the preoperative Cobb angle was a predictor of IOBL. We speculate that this may be because of the flexible part of the curve that can be easily corrected while the rigid part (showing by the fulcrum-bending Cobb angle) is the more challenging and was positively correlated with surgery time and IOBL. Risser sign is also considered as a predictor in our study. Currently, there was no study that mentioned the predict effect of Risser sign. The reason that the Risser sign showed a predict effect may be that our patient population was adolescents experiencing rapid body development, and Risser sign was a comprehensive indicator that positively correlated with age, body weight, total blood volume, and skeleton maturation.

Fibrinogen is an essential protein that is directly involved in fibrin gel formation as the final step of a sequence of reactions triggered by a procoagulant stimulus,^[@R37]^ and APTT testing is integral to hemostasis testing. What was interesting in our study was that the increase in fibrinogen concentration actually led to more IOBL. Former studies showed that estrogen had an ability to increase blood fibrinogen concentration,^[@R38]^ and due to the estrogen variation during normal menstrual cycle, blood fibrinogen might be at its highest level in the premenstrual phase. Also, several studies reported that the blood fibrinogen was lowest after menstruation or during mid-follicle phase.^[@R39]--[@R41]^ Our study showed that premenstrual patients had more IOBL. We speculate that these might be the reasons that the fibrinogen was indicating more IOBL in our study. Abnormalities in APTT could lead to the deficiency of coagulation and great blood loss in the operation. Ialenti et al^[@R6]^ studied the effects of PT/APTT on IOBL and found no significant associations between PT/APTT and IOBL. However, fibrinogen and APTT were not analyzed in their study. Cederblad et al^[@R42]^ studied 30 normal women whose blood samples were taken on 6 occasions: days 1, 2, and 3 of menstruation; days 5--9 (follicular phase); days 12--16 (around ovulation); and days 19--23 (luteal phase). They found that the concentration of factor II--VII--X was lowest during menstruation. This result indicated that APTT might achieve its highest value before menstruation and related to the high IOBL in the premenstruation group in our study.

Several studies have been conducted to find whether number of fusion level was the predictor of blood loss in scoliosis surgery. In the study by Meert et al,^[@R28]^ number of vertebrae fused independently predicted a greater number of blood loss and allogeneic red cells transfused. Yoshihara and Yoneoka^[@R7]^ in their study thought that patients fused ≥9 levels were more likely to suffer from great IOBL and receive ALBT compared with those fused 4--8 levels. In our study, we also observed the same results, and in our formula, increased 1 unit of fusion level caused IOBL to increase by 53.470 units. Actually, the level of vertebral fused was the factor that has the highest predict value and is confirmed by most of the studies. This is reasonable because the prolonged fusion level need more explosion, pedicle screw implant, as well as prolonged operation time.

Despite a comprehensive analysis of the association between preoperative risk factors and IOBL, there are some limitations that should be addressed. First, IOBL was estimated by surgeons during the surgery and more precise methods should be used to calculate the blood loss. Second, this result was reported in single center, which might lead to publication bias. Therefore, more precise studies should be performed in multiple-center institutes.

CONCLUSION
==========

Large fulcrum-bending Cobb angle, the number of level fused, higher Risser sign, high APTT, high preoperative blood fibrinogen concentration, premenstrual phase predicted higher IOBL, and a formula was developed to predict blood loss based on preoperative risk factors.

Abbreviations: AIS = adolescent idiopathic scoliosis, Alb = albumin, ALBT = allogeneic blood transfusion, APTT = activated partial thromboplastic time, IOBL = intraoperative blood loss, Plt = platelet, PT = prothrombin time, TT = thrombin time.
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